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Introduction

Neutrino oscillations essentially con rms neutrinos are massive.

It provides the rst rm experimental evidence of physics beyond
Standard Model (BSM).

The models describing BSM physics often comes with some
additional unknown coupling of neutrinos.

These new interactions are called Non Standard Interactions
(NSIs), as it can't be explained within the framework of SM.
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Non standard interactions in neutrinos

NSI can introduce matter effect in neutrino oscillations.

The impact of NSI on oscillation probability: an interesting sector
to probe new physics.

Neutrinos coupling with a scalar is an excellent probe to study
new physics in Long Baseline experiments.

L. Wolfenstein, Phys. Rev. D 17 (1978)
Ge S.-F. and Parke S. J., Phys. Rev. Lett. (2019)
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Neutrino Oscillation in matter

The weakly interacting neutrinos might interact with matter via
charged-current (CC) or neutral-current (NC) when they pass
through matter. more

The Hamiltonian for neutrino oscillation in matter is given by :

MMY
Hmatter U fuy Vg

Where
ctVy O O
Vg = 0 Vy O

0 0 Vy

pP—
Vo= 2Gene and Vy = - S

NuFACT 2022 Scalar NSI at LBL experiments Abinash Medhi 4/18



Scalar Non Standard Interactions

The Lagrangian of such interactions can be formulated as :

Yiy
m2

LS =

e

( (pa) (P2))(f(p1)f(pa))

The corresponding neutrino Hamiltonian modi es as:

UMWY+ M UMWY+ M’
Hnsi Vs,

2E
P
where, M=

The effect appears as correction/addition/perturbation to the
neutrino mass term.
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Methodology

The effect of scalar NSI can be parametrize asa3 3 matrix :

q ee e e
— 2
M = ms, B e

e

elements are dimensionless and quanti es the size of scalar NSI.

A framework is made with the modi ed Hamiltonian in GLoBES with
different con guration of LBL experiments viz. DUNE, T2HK, and
T2HKK.

The values of mixing parameters used in the analysis :

sin? 15 | sin? 13 | sin® 23 | cp m5, (eV?) m3,(eVv?)
0.308 | 0.0234 | 05348 | -=2 | 7.54 10° | 2.43 10°

NuFACT 2022 Scalar NSI at LBL experiments Abinash Medhi 6/18



Results : P ¢ vs E with non zero ¢/ /

() P ¢ vs E for different (b) P ¢ vs E for different (b) P ¢ vs E for different

ee

ee and affects the probability amplitude and shifts the
oscillation peaks.
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Results : P ¢ VS cp With non zero ¢/ /

@ P egvs cp for (b) P ¢ vs ¢p for (b) P ¢ vs cp for
different ge different different

Figures show the presence of various degeneracies with varied and
cp values.
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Results: P in cp- plane

P =P (withSNS) P (without SNS)

The impact of is slightly milder as compared to ¢¢ and
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Results: Event rate in presence of scalar NSI

The behavior of the binned events are in good agreement with the
oscillation probabilities.
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Results: P . vs E for various test values of absolute

-Masses

Scalar NSI brings in a dependence of -oscillations probability on the
absolute -masses.

Scalar NSl gives a possibility of probing it to various -mass models.
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2_methodology

2

We de ne the statistical as,

h
XX N () N ( )
i true( )

(Ntest) number of true (test) events in the fi;jgth bin.

min

true

This provides experiment's sensitivity towards distinguishing standard and
non-standard effects.

Huber, P, Lindner, M., Winter, W. Comput. Phys. Commun., (2005)
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Results : 2vstest elements

DUNE: 5years ( ) +5vyears ()

Sensitivity towards constraining e is less as compared to or
cases.
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Results : Effects on CP Violation sensitivity

CPV( tru = min 2( tCr:Lli‘e’ test - 0); 2( tél;)e’ test - )

Negative deteriorates CP Violation sensitivity. DUNE[5()+5()]

A Medhi, D Dutta, MM Devi, JHEP 06 (2022) 129
NuFACT 2022 Scalar NSI at LBL experiments Abinash Medhi 14/18



Results : Effects on CP precision sensitivity

True cp =-90 DUNE [5 ( ) +5 ( )]

Positive (Negative) enhances (deteriorates) CP precision sensitivity.

A Medhi, D Dutta, MM Devi, JHEP 06 (2022) 129
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Synergy study with DUNE, T2HK, and T2HKK
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